Introduction
Superoxide (OLo-) is produced by phagocytic leukocytes in response to a variety of stimuli. The activation of 0,' -production by neutrophils following binding by plasma membrane receptors of the phagocyte to opsonized bacteria or to peptides from degraded bacteria is of great importance. The 0,'-and its reaction products contribute to the microbicidal activities of these cells, and so resistance to infection. In the rare genetic disease, chronic granulomatous disease (CGD), neutrophils lack one or more of the protein components of the 02'--generating oxidase and patients suffer repeated infections, demonstrating the involvement of the oxidase in combating infection [ 1, la] .
The oxidase that is located in the plasma membrane uses cytosolic NADPH as electron donor and so is known as the NADPH oxidase. It contains a low potential cytochrome b and FAD [2] .
Comparison of its sequence with that of other flavoproteins suggests that the FAD-binding site may be on the cytochrome b itself [3] . The cytochrome b is a heterodimer with subunits with M,s of approx. 91 kDa (/I subunit) and 22 kDa ( a subunit) [4, 4a] .
The low oxidation/reduction potential of the cytochrome b (Em,,= -245 mV) is suited to its function in an electron transport system linked to Abbreviations used: CGL), chronic granulomatous disease; EBV, Epstein-Harr virus; II,, interleukin; I'MA, phorbol 12-myristate 1 .?-acetate; TNF. tumour necrosis factor. the reduction of O2 to 02.-(Em,, = -160 mV; [5] ), and it is kinetically competent to act as the direct donor to 0, [6] . A combination of steady-state spectra and kinetic evidence suggests that every electron passing to O2 must be transferred through cytochrome b [6] . The simplest arrangement of these components is in a linear sequence:
An active NADPH oxidase can be assembled from neutrophil plasma membranes by the addition of cytosol together with either arachidonic acid or SDS [7] . Three cytosolic protein components are required for formation of the oxidase complex and these have been purified and sequenced. Two of the proteins are specific for the oxidase -a 47 kDa protein (p47-phux) and a 67 kDa protein (p67-phux) and the third is a small (21 kDa) G-protein of the ruc family [8] . A mixture containing purified cytochrome b, added FAD and SDS and pure recombinant p47-phux, p67-phox and p21 rucl catalysed high rates of superoxide production when NADPH was added [9] . These proteins form the apparent minimal requirements for an active NADPH oxidase, as shown in Figure 1 
EBV-transformed 6-lymphocytes
Epstein-Barr virus (EBV)-transformed B-lymphocytes produce 0;-in response to stimulation with phorbol 1Zmyristate 13-acetate (PMA) at rates 5 1 0 % of that of PMA-stimulated neutrophils. They are also activated by interleukin (11,)-1B, tumour necrosis factor (TNF)-a, 11,-6 and heat-aggregated immunoglobulin; receptor-independent stimuli include arachidonate, Ca2 + ionophores and AIF,. Inhibitors of protein kinase C and phospholipase A, prevented activation by PMA or cytokines [14] . Thus, the superoxide-generating oxidase of EBVtransformed B-lymphocytes has many of the characteristics of neutrophil NADPH oxidase, and the oxidase components shown in Figure 1 are present in EBV-transformed B-lymphocytes. In EBV-transformed B-lymphocytes from patients with CGD, the NADPH oxidase is defective in ways that mirror the defects in the neutrophil. It contains a low potential cytochrome b and cytosolic factors which cross-react with antibodies to the neutrophil oxidase components. The identity, or close similarity, of the composition of EBV-transformed B-lymphocyte oxidase and neutrophil oxidase has been confirmed by experiments in which cytosol from one cell type can be used in vitro to reconstitute NADPH oxidase activity in plasma membranes from the other [ 151. Superoxide generation has been restored to CGD-derived B-cell lines using retrovirally encoded p47-phox in transduced cells.
Blood lymphocytes
Superoxide is produced not only by transformed B-cell lines but also by peripheral blood lymphocytes and tonsillar B-lymphocytes [16] . The cells carry the small subunit of cytochrome b-245 which is detectable by antibodies. Cross-linking of the surface IgG of the lymphocytes or addition of PMA triggers superoxide production. The expression of the cytochrome b antigen on the B-lymphocyte surface is related to the maturation of the cells; it is absent from pre-pre-and pre-B lymphocytes [ 171.
Kidney mesangial cells
Kidney mesangial cells in culture release 0;-at a low rate (around 6.0 nmol/h 10' cells) when treated with IL-la, TNF-a or calcium ionophores. Plasma membranes from these cells contain high amounts of a low-potential cytochrome b which, like cyto- Detection of P47-phox mRNA in human kidney mesangial cells Total RNA was extracted from human mesangial cells using RNAzol B (Biogenesis Ltd.), and the subsequent RNA isolate was used t o synthesize cDNA. Briefly, cDNA was synthesized from I pg of RNA using Supersript (RNAse H-ve) reverse transcriptase (Gibco-BRL), random hexanucleotides (Promega) were used as primers, and the mixture incubated at 42°C for 40 min. PCR primers were designed from the p47-phox cDNA sequence (Accession number: M25665 [22] ), giving a predicted size of 767 base pairs. The human mesangial cell cDNA was PCR-amplified for 35 cycles using toq-polymerase [Amplitaq, Perkin-Elmer (Cetus)]. The PCR product was sized on a I% ( w h ) agarose (Gibco-BRL), 2% ( w h ) NuSieve agarose GTG (Flowgen) gel, using 123 base-pair markers (Gibco-BRL) and visualized by ethidium bromide fluorescence (a). The resultant product was gel purified and put through a second round of PCR amplification. The product was again gel-purified and ligated into a pUCl8 (Pharmacia) plasmid vector, which was used t o transform a rec A -strain of Escherichro coh. This was cultured overnight at 37°C on ampicillin containing L-broth agar plates. Subsequent colonies were transferred t o L-broth liquid media and incubated at 37°C overnight. Plasmid DNA was isolated and screened for the presence of insertion by double restriction digest using Xbol and EcoRI. Plasmids containing the insert were sequenced by Dr. David Emery (University of Bristol, Dept. Biochemistry). Sequence data were aligned using the Genetic Computer Group Sequence Analysis software package ( b ) . In recent work we have been using primers designed from the cDNA sequence of neutrophil p47-phox to PCR amplify a cDNA product from human mesangial cells. The PCR product had the predicted size of ( Figure 2 ) and a 99% homologous sequence to the human neutrophil p47-phox cDNA.
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Conclusion
It is apparent that the superoxide-generating system of the non-phagocytic B-lymphocyte and the kidney mesangial cell have components in common with, or closely similar to, the NADPH oxidase of neutrophils. Since B-lymphocytes from patients with CGD retain the CGD characteristic following transformation with EBV, it is likely that B-lymphocyte oxidase is a product of the same genes that are responsible UA for the neutrophil oxidase. The function of superoxide generation by non-phagocytes remains uncertain. Hydrogen peroxide at micromolar concentrations has been found to promote fibroblast proliferation [18, 191 and to act at low concentration to activate the transcription factor in a human T-cell line [20] . This in turn may promote the synthesis of cytokines. Hydrogen peroxide treatment also promotes tyrosine phosphorylation in cell membranes [2 11 . These and related observations suggest that superoxide, and molecules derived from it, may have a signalling role at low concentrations, despite their toxicity. The comparison with the multiple role of the NO radical as cytotoxic agent, intercellular messenger and neurotransmitter is interesting.
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Introduction to damage removal/ repair systems
Free radicals and related oxidants have long been studied as agents of tissue damage. Lipid peroxidation is a well-established example of free radical toxicity and, in recent years, it has become clear that proteins, nucleic acids and carbohydrates are also major targets for oxidative modification [ 1-31. ' Oxidative stress' may be loosely defined as that state in which exposure to free radicals or other oxidants represents a challenge to normal function, or even to survival. Such situations may arise from an increased exposure to radicals/oxidants or may be the result of a decreased antioxidant capacity. reduce another superoxide molecule to hydrogen peroxide and oxygen. The glutathione peroxidases and (in some cells) the catalases convert the hydrogen peroxide generated by superoxide dismutases to water and oxygen. Glutathione reductase ensures a constant supply of reduced glutathione, a cofactor for glutathione peroxidases. The glutathione peroxidases also reduce organic hydroperoxides to harmless hydroxy derivatives. DT-diaphorase reduces quinonoid compounds to their quinol (or dihydroquinone) forms, thus precluding their involvement in radical-generating 'redox-cycling' reactions and speeding elimination. Vitamin E and /3-carotene inhibit free radical chain reactions (or propagation reactions) in lipid membranes, while uric acid and ascorbic acid (vitamin C) appear to
